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ABSTRACT

Objective: Boerhavia diffusa a tropical herb has been a subject of keen interest in phytochemical and pharmacological research due to its excellent
medicinal values. The stress and need for quality control and standardisation of medicinal preparations from plants is gaining more importance

today in view of the commercialization of drug formulations.

Methods: WHO recommends various physicochemical, proximate and nutritive standards so that uniformity in composition and effectiveness is

maintained. All the analysis was done using standard protocols.

Results: The nutraceutical evaluation of the plant gives an insight into its value as a medicinal as well as highly nutritious one, safe for consumption

both as a medicine and as a natural source for antioxidant activities.

Conclusion: Thus the present finding suggests that B. diffusa have a promising potential not only to cure ailments but to maintain a healthy life.
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INTRODUCTION

Medicinal plants are part and parcel of human society to combat
diseases, from the dawn of civilisation. Before the advent of modern
medical practices plants were the only source of intervention in treating
diseases. The main issue associated with the manufacture and utilization
of herbal products is the lack of standards in the preparation based on
such plants. When a plant extract is to be considered as a nutraceutical,
the bioactive principles responsible for the effect should be present in
the right amount and proportions. Continuous research and feedback
helps in prescribing standards. Standardisation ensures that the process
of production of natural medicines or extracts is guaranteed for
consistency of active compound at a satisfied level for its quality control
yardstick [1]. The most important step in the standardisation of herbal
drugs is the correct taxonomic identification of the plant, whether in
fresh, dried or powdered state [2]. Yelne et al, (2000) and Goyal et al,
(2010) [3, 4] reported the use of the species Trianthema portulacastrum
L as an adulterant of B. diffusa for ayurvedic preparations, this type of
adulterations can be avoided by the pharmacological studies of the plant.

As various medicinal plants are used as food as well as medicine, the
worth of the plant can be evaluated by the nutritional significance
and is an added advantage during its consumption [5]. In addition to
it being used as an herbal medicine, B. diffusa is consumed as a [6].
Various ethnopharmacological reports emphasise its role in
disorders of the reproductive, gastrointestinal, respiratory, urinary,
hepatic and cardiovascular system as well as in the treatment of
cancer. The survey of the literature indicated that no serious
evaluation of pharmacological and phytochemical parameters of B.
diffusa had been carried out [7, 8, 4]. Thus a detailed evaluation
becomes necessary for further research on this plant particularly in
the field of pharmacognosy, not only because of their widespread
uses but also to evaluate whether these components that may cause
toxic reactions or other adverse interactions.

MATERIALS AND METHODS
Collection of plant material and preparation of extract

Fresh whole plants of B. diffusa were collected from the Kariavattom
campus, University of Kerala, Trivandrum. The specimen was
scientifically identified, and a voucher specimen (No: KUBH 5856)
has been deposited at the Department of Botany, University of

Kerala. The materials were washed with distilled water and air dried
in the shade for two weeks at room temperature. Dried sample was
milled into powder using an electric blender. The powder was
stored in airtight container in a refrigerator until further analysis.
100 gm of dried powdered sample was extracted with 1000 ml of
ethanol for 12 h in a Soxhlet extraction apparatus. Filtered extract
was evaporated using a rotary evaporator at 40-50 °C, under
reduced pressure.

Organoleptic analysis

The physical state, colour, taste and odour of the fresh plant, as well as
the powder of B. diffusa, were noted in the organoleptic analysis [9].

Physicochemical characterization

The different physicochemical parameters used to assess the quality of
medicinal plant material as a drug include loss on drying [10], dry matter
[11], total ash, acid insoluble/soluble ash [12], water soluble ash, water
insoluble ash, sulphated ash [13], water soluble extractives, alcohol
soluble extractives [14], foaming index and swelling index [10].

Determination of micrometric properties

The Micrometric analysis includes the determination of bulk density,
tapped density ([14], Hausner ratio [15] and compressibility index [16].

Proximate analyses

In Proximate analyses, moisture content [10], crude fibre [17], total
carbohydrate [18], reducing sugar [19], total protein [20], total
lipids [21], fatty acid [22], vitamin A [23], thiamine, riboflavin [24],
niacin [25], vitamin C [23], vitamin E [26], amino acids [27] and
energy value [28] were determined.

Analysis for quantifying minerals

Mineral profiling was used to determine the macro elements (Mg,
Na, Ca, K), microelements (Zn, Mn, Fe) and heavy metals (Pb, Cu, Cd)
using Atomic Absorption Spectrophotometer (AAS) (perkin Elmer
India Pvt Ltd. Model: Pinnacle 900H) [29].

Determination of antinutrients

Antinutrient analysis includes estimation of tannins, saponins,
oxalates and phytic acid [30].
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RESULTS
Organoleptic properties

The fresh plant of B. diffusa was dark green in colour, with the
phenolic smell and little bitter, taste. The whole plant drug powder
was solid, free flowing in nature and green in colour, with no
characteristic odour. It was little bitter in taste.

Physico-chemical characterization

Physico-chemical characterization revealed the following. Foreign
matter in B. diffusa whole plant powder was found to be very low
(1.0+0.2 %). The foaming index was more than 100 units and no
considerable swelling was observed when hydrated.

The total ash value was high 23.09+0.7%. Acid-insoluble ash and
water soluble ash were 0.6+£0.04% and 4.70+0.1% respectively.
Alcohol soluble extractives values (16.60+0.11%) were higher when
compared to water soluble 0.35+0.20%).

Results of the physicochemical parameters are shown in Graph 1.
Micrometric properties

The powder showed good flow rate as confirmed by a high Hausner
ratio 1.07+0.41 and compressibility index 7.48+0.72. Micrometric
properties of the plant powder are given in the table 1.
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Proximate analyses

In the proximate analysis, the moisture content of the powdered
sample of was 13.09+0.17%. The nutritive parameters like
carbohydrates, fats and proteins were found to be 30.90+0.51,
1.61+0.01 and 15.20+0.3 mg/g respectively. Niacin, the major
vitamin in the plant was estimated to be 0.96+0.01 mg/g fresh
sample. Total free amino acid was quantified to be 4.7+0.91 and
energy value as 198.89 kcal per 100g of the fresh sample (w/w).
Proximate characteristics of the plant are represented graph 2 and 3.

Mineral analysis

The major elements present in B. diffusa are Magnesium, Sodium and
Potassium at a concentration of 142.9 mg/100g, 75.9 mg/100g and
52.7 mg/100g respectively. However, the heavy metals like Lead (1.25
mg/100g), Copper (3.9 mg/100g) and Cadmium (0.28 mg/100g) were
only in trace amounts. The amount of macro and micro minerals
present in the plant is graphically represented in fig. 4.

Determination of anti-nutrients

Anti-nutrient analysis revealed the moderate amount of tannin and
oxalates at a concentration of 16 mg/g and 4.7 mg/g in dried
samples of B. diffusa. In fresh wet samples, low amounts of phytic
acid and saponin at 1.59 % and 0.09 mg/g were detected.

Table 1: Micrometric analysis

S. No. Micrometric properties Amount present
1. Bulk density g/ml 0.34+0.02
2. Tapped density g/ml 0.17+0.01
3. Hausner ratio 1.07£0.41
4. Compressibility index 7.48£0.72
Values are mean+SE; n=3
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DISCUSSION
Organoleptic study

Organoleptic analysis helps to assess the physical and chemical
quality of the plant sample. The organoleptic study of the plant B.
diffusa revealed the edible nature because of the lack of pungent
odor and taste. The present result confirmed the findings of
Ramteke et al. (2011).

Physicochemical characterization

The physicochemical property of a drug is an important parameter
in detecting adulteration or improper handling of drugs [32]. In the
present study, the amount of foreign matter detected from the plant
powder was very low as per WHO (2002) that is the permissible
limit for foreign matter is not more than 2%. The present
investigation supports the findings of Meena et al, (2010) and
Malhotra et al, (2013) [33, 34].

The high foaming index reflects the presence of saponin in the plant
and absence of mucilage may be the reason for low swelling index
value observed in B. diffusa and the parameter can be used for the
detection of purity of the crude drug. High ash value in the plant
represents the inorganic part of the plant [35]. The results of ash
value suggested that B diffusa was a good source of mineral
elements. The amount of inorganic material can be estimated by
detecting the water soluble portion of the total ash.

The oxides and carbonates during consistent sulphated ash
production were converted into sulphates and are used for the
detection of low-grade products in the drug. The present
investigation on ash values supports the earlier reports of Bharathi
et al, (2014), Ujowundu et al, (2008) and Malhotra et al, (2013) [7,
34, 36].

Extractive values are useful for the evaluation especially when the
constituents of the drugs cannot be readily estimated by any other
means. The present investigation noticed higher extractive value for
alcohol compared to water. Higher alcohol soluble extractive value
implies that ethanol is a better solvent of extraction than water for
the formulation.

Determination of micrometric properties

The widespread use of plants as powdered drug in the
pharmaceutical industry has generated a variety of methods such as
determination of bulk density, tapped density, HR value and CI value
for characterising powder flow. All the parameters analysed in
micrometric property of B. diffusa plant powder revealed good flow
rate and this property plays an important role in the packaging of
individual drugs and formulations. According to Aulton (1999) HR
values, less than 1.25 indicate good flow, while values greater than
1.25 indicates poor flow. Thus the HR value of B. diffusa in the
present study was found to be 1.07+0.41 indicating good flow rate.

Proximate analyses

This study is the first report on the detailed proximate analyses of B.
diffusa. Proximate and nutrient characteristics of any edible plant
and vegetables determine their nutritional value [5, 38]. The low
moisture content of the plant B. diffusa in its dry form (13.09%)
indicates an insignificant hygroscopic nature which would ensure
resistance to microbial contamination. A high fibre content
(7.1+0.09%) makes B. diffusa ideal for consumption especially in
people with hypercholesterolemia, constipation, etc.

Evaluating the nutrient composition of medicinal plants would help
us to understand the nourishment supplemented to the body along
with its medicinal properties. Proteins, carbohydrates, fat and
minerals including elements and vitamins, contribute to caloric and
dietary requirements of human [39]. The high amount of
carbohydrate and protein as observed in the present study is an
advantage in nutritive aspect over and above its medicinal
properties. However, the fat content of the plant was found to be
relatively low (1.61 mg/gm). The present result confirms Ekop,
(2007) finding in the case of lipid and Ujowundu et al,, (2008) [7] in
the case of carbohydrate and protein.
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The vitamin analysis in B. diffusa revealed that it is rich in essential
vitamins like vitamin A, B complex, C, D and E. The quantity obtained
for Vitamin A is 0.91#0.01 mg/g and recommended dietary
allowance for vitamin A is 1.5 mg/100g. Vitamin A is essential for
vision process, bone and teeth formation [40]. Niacine (Vitamin B3)
was the major vitamin present in the plant. Niacin plays an
important role in energy metabolism, and its daily recommended
intake is 1.7 mg. Analysisof vitamins in the present study
showed that the quantity of thiamine-Vitamin B1 (0.24 gm/gm),
riboflavin-vitamin B2 (0.31+0.03), ascorbic acid-Vitamin C (0.20
mg/gm), and tocopherol-Vitamin E (0.16 mg/gm) were moderate in
B. diffusa. Thiamine helps in maintaining healthy nerves thereby
improving the mental ability. The daily intake of thiamine is 1.2
mg/gm. Thyroid functioning and wound healing need the vitamin
riboflavin-vitamin B2 and the recommended dosage is 1.7 mg/gm.
Ascorbic acid prevents free radical damage and triggers the
inflammatory responses. Daily recommended dose is 60 mg/gm
[38]. Tocopherol is a lipid soluble antioxidant, protecting cell
membranes from oxidation and its recommended level is 25-37 mg.
The total free amino acids obtained in the present investigation was
higher. There is a correlation between amino acid content and
radical scavenging activity, thus the higher content of free amino
acid is one of the for the plants scavenging capacity.

Mineral analysis

Generally, minerals from plant sources are less bioavailable than
those from animal sources [42]. The quantity of minerals in B. diffusa
in the descending order was Mg>Na>Ca>K>Zn>Mn>Fe>Cu>Pb>Cd.
The major macro-element present in the plant is Magnesium (Mg).
Sodium and potassium are involved in maintaining water and acid-
base balance and also involved in the transport of some non-
electrolytes. Calcium is essential for the formation and maintenance
of bone beside its blood clotting and muscle contraction processes.
High quantity of calcium 69.4 mg/100g present in the plant
indicates its ability to regulate or control the osmotic balance in the
body fluid and pH level in the body. The presence of three essential
elements namely iron, manganese and zinc indicate the efficient of
enzyme metabolism in B. diffusa. Low concentrations of the heavy
metals such as lead, cadmium and copper below the admissible limit
suggest its utility in consumption [43].

Determination of antinutrient parameters

The nutritional importance of a plant also depends on a number of
antinutrients present. Antinutrients are usually defined as ‘chemical
substances in food that do not offer any nourishment to the body’.
The estimation of antinutrients in the plant B. diffusa revealed that
the amount of antinutrients is not up to the toxic limits, suggesting
the nutritional worth of the plant. The concentrations of saponin,
tannins, oxalates and phytic acid in B. diffusa were however not
alarming when compared with their concentrations in other
foodstuffs [44]. If the antinutrients are present in large quantities, it
lowers the utilisation of elements and nutrients by forming insoluble
salts. Thus the plant is ideal for consumption possibly because they
do not diminish nutrient availability due to the low amount of
antinutrients.

CONCLUSION

The nutritive analysis of B. diffusa indicates a high nutritive and
pharmacological value of the plant. The plant screened for
physicochemical constituent seemed to have the potential to act as a
source of useful drugs and also to improve the health status of the
consumers as a result of the presence of various compounds that are
vital for good health. The presence of many nutraceuticals, nutrients
and antinutrients in extracts with potential clinical relevance play a
vital role in preventing various diseases. Being naturally and widely
present in the ecosystem, it can be recommended for medication,
from which therapeutic drugs can be obtained.
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